Introduction
Clomeprop [2-(2,4-dichloro-3-methylphenoxy) propionanilide, CMP] was reported to be hydrolyzed in plants, resulting in the production of the phytotoxic metabolite, 2-(2,4-dichloro-3-methyl phenoxy) propionic acid (DMPA) 3, 5) . The hydrolytic reaction is assumed as the key reaction for bringing out the herbicidal activity of CMP.
Naproanilide [(2-naphthoxy) propionanilide], similar to CMP in its chemical structure, was reported to be hydrolyzed in plants resulting in the phytotoxic metabolite [(2naphthoxy) propionic acid]2,4). It was reported that the phytotoxicity of naproanilide was greatly reduced when carbamate insecticides were applied simultaneously, while the activity of the hydrolyzed product was not affected by the addition of the same insecticides2'. Inhibition of hydrolysis of herbicides in plants by some organophosphate and carbamate insecticides has been studied in detail in propanil (3,4- 
The present study was conducted to determine the activity of clomeprop herbicide when applied in combination with NAC (1naphthyl methylcarbamate), a potent inhibitor of hydrolysis, in relation to its metabolic changes in plants. Materials and Methods
Plant materials
Seedlings of radish (Raphanus sativus L.) and cucumber (Cucumis sativus L.) were prepared by the method described previously4). Seven-day-old seedlings of both plant species were used in this study. At the time of application of the tested compounds, the first leaf of a tested cucumber seedling was less than half of its full expansion, and the second leaf had just emerged.
Test compounds CMP and DMPA at 10-5M and the carbamate insecticide, NAC, at 10-3 M dissolved in a solution containing 1% acetone and 750 ppm Tween 20, were used in the herbicidal and hormonal activity tests.
14C-CMP (the benzene ring in the phenoxy moiety was uniformly labeled with 14C, specific activity 5.0x105Bq/mg at 10-5M and NAC at 10-3M were used in the metabolism study.
Application and determination 1) Herbicidal activity study 1.1 Effect of NAC on CMP and DMPA herbicidal activity in radish and cucumber seedlings After being rinsed gently in a 0.02% Neoesterine surfactant solution for 10sec, shoots of plants were soaked in the test solutions for 3hr, then washed with distilled water. Plants were thereafter transplanted A part of this work was presented in the 28th Annual Meeting of Weed Science Society of Japan, April 1989.
-75-to an herbicide-free nutrient solution. Observation of visible injury was made and the dry weight was determined 10 days after the application.
1.2 Effect of NAC on CMP-caused abnormality of the second leaf of cucumber
The application method was similar to that in the above experiment 1.1. In the subsequent treatments by NAC and CMP, shoots of cucumber seedlings were soaked in NAC solution for 3hr and then were transferred to the nutrient solution. After one or 3hr, the shoots were moved to a CMP solution where they were soaked for an additional 3hr.
Abnormality of the second leaf was observed 10 days after the application.
2) Hormonal activity of CMP and DMPA influenced by the carbamate insecticide.
Shoot parts (stem and cotyledon) of radish seedlings were soaked in the test solutions for 3 hr after being gently rinsed in 0.02% Neoesterine solution for 10 seconds.
They were then washed with distilled water and transferred to petri dishes containing moistened filter papers. The plates were kept under room temperature with dim light for 24 hr, then the cotyledon angles of the treated shoots were determined.
3) Metabolism study Shoots of radish plants were soaked in a test solution of 14C-CMP for 3hr, and the plants were then transferred to a 14C-CMP free nutrient solution. Plants were harvested 1 and 3 days after the soaking, and their metabolism of CMP was studied following the steps shown in Fig. 1 . Parent compound and metabolites in a dichloromethane-soluble fraction were determined by thin layer chromatography with the developing solution of benzene: methanol: acetic acid (100:5:15 by volume).
Results and Discussion
Herbicidal activity study 1) Fffect of NAC on CMP and DMPA hormonal activity in radish and cucumber seedlings Soon after application, both radish and cucumber seedlings treated with CMP showed more severe phytotoxicity than those treated with CMP in combination with NAC. As shown in Fig. 2 . both cotyledon angle and thickness of the first leaf petiole of radish treated with CMP were greater than those of CMP plus NAC treated ones. Cucumber seedlings treated with CMP also exhibited abnormal cotyledon arrangement ( Fig. 3.) , whereas those treated with CMP plus NAC showed no difference from the untrested control.
However, these differences between plants treated with CMP alone and in combination with NAC gradually decreased and no difference in plant dry weight was observed 10 days after application.
2) Effect of NAC on CMP-caused abnormality of the second leaf of cucumber.
Comparison of the toxicity of CMP applied alone, simultaneously with NAC, or at 1 or 3 hr after NAC application, showed that abnormality of the second leaf was most severe in plants treated with CMP alone. As shown in Fig. 4 , the second leaves of cucumber seedlings treated with CMP alone were comparatively small and the shape was much different than the normal untreated leaf. When NAC was applied in combination with CMP or 1 or 3hr prior to CMP application, the second leaves of treated plants were larger than with CMP treatment alone, although there was slight detection of an injurious sympton. This indicated that the simultaneous or subsequent application of NAC considerably reduced CMP activity.
3) Effect of NAC on hormonal activity Shoot applied CMP alone induced an increase of the cotyledon angle of radish to about 3 fold that of control, but in the treatment of CMP plus NAC the leaf angle was only half of that caused by the CMP treatment (Fig. 5 ); this smaller angle may have been due to the inhibition of CMP Shoot applied 14C-CMP was metabolized to water-soluble and acetone-water unextracted metabolites more rapi-dly when applied alone than in combinationwith NAC ( Table  1) .
The percent radioactivity in the dichloromethane-soluble fraction, which contained the parent CMP, in shoots at 1 and 3 days after application was about 79% and 65%, respectively, with 14C-CMP treatment, and about 91% and 80% by the treatment with 14C-CMP plus NAC. In roots, percent radioactivity in the dichloromethane fraction was also higher in the combination treatment than with 14C-CMP alone.
14C -labeled compounds in the dichlomethane-soluble fraction were separated by thin layer chromatography and determined quantitatively ( Table 2) . One and three days after treatment, percentages of unmetabolized CMP in shoots from the combined 14C-CMP and NAC treatment remained 1) DAA; days after application 2) 10-3M NAC was applied to shoots simultaneously with 14C-CMP 81.07% and 65.58% respectively. These were about twice the percentages with the treatment of 14C-CMP alone. On the contrary, the metabolite DMPA derived from applied 14C-CMP was found at only 2.85% and 4.08 %, respectively with the combination treatment, whereas it was 9.09% and 7.01% with the treatment by 14C-CMP alone ( Table 2) . Percents of other metabolites were also much higher in 14C-CMP treated plants than in those treated with 14C-CMP plus NAC. A similar result was found in roots. Table 3 shows the concentrations of CMP and DMPA in shoots and roots of radish 1 and 3 days after treatment with 14C-CMP alone and in combination with NAC. Higher CMP concentration but lower DMPA concentration were found in radish given the combined treatment. These results indicated that NAC inhibited CMP metabolism at the step of hydrolysis of the acylamide bond, resulting in a lower amount of DMPA production.
From the above results it may be concluded that DMPA is an active metabolite of the herbicide CMP. CMP in plants was quickly metabolized to DMPA so that DM PA provided both herbicidal and hormonal activities. When CMP was applied in combination with NAC, its activities were remarkably reduced because NAC inhibited the metabolism of CMP, resulting in lower production of DMPA. Summary NAC (1-naphthyl methylcarbamate), a carbamate insecticide, at 10-3M concentration reduced the herbicidal activity of domeprop [2-(2,4-dichloro-3-methylphenoxy) propionanilide, CMP] when applied simultaneously with CMP or 1 or 3hr before CMP application. Hormonal activity of CMP was also reduced by NAC simultaneously applied 1) Percentages based on total radioactivity detected in either shoots or roots 2) consists of several unidentified metabolites 3) DAA: days after application 
